The aim of the research was to assess the influence of calcium chloride and calcium lactate irrigation on the yield volume and dry matter content in two champignon strains, ie Amycel 2200 and Italspawn F59. When both strains were irrigated with calcium lactate, there was a significant decrease observed in the yield when the concentration of the solution was 0.6%. On the other hand, when calcium chloride was applied to the Italspawn F59 strain, there was a significant decrease in the yield when the concentration was as low as 0.4%, whereas the yield of the Amycel 2200 strain dropped when the concentration of calcium chloride was 0.6%. The irrigation with calcium chloride and calcium lactate had influence on the content of dry matter in the champignon carpophores. When the solutions under investigation were applied at concentrations of 0.4 and 0.6%, there was a significant increase observed in the content of dry matter in both strains.
Introduction
Agaricus bisporus is the most popular edible mushroom in the world. Poland is the most important producer of this mushroom in the EU, followed by the Netherlands. As far as the conditions of cultivation are concerned, Agaricus bisporus has very high requirements. Producers continue their search for new methods, which should guarantee not only high yield but also the highest quality product. The fact that champignons turn brown after harvest is an important disadvantage to their quality. The irrigation of champignons with a chloride solution while growing is one of the methods preventing them from browning. Some authors [1, 2] found that irrigating champignons with CaCl 2 while growing reduced postharvest browning. They found a positive correlation between the calcium concentration and colour.
The increased levels of calcium in mushrooms irrigated with CaCl 2 may have decreased browning by increasing the vacuolar membrane integrity. Calcium chloride can also reduce the sensitivity of fruit bodies to mechanical injuries [3] .
Researchers express different opinions about the influence of calcium chloride on the yield. According to some authors, the improvement in mushroom quality by calcium chloride irrigation is usually achieved at the expense of yield [4] . On the other hand, other authors reported that using calcium chloride during irrigation does not have significant effect on the yield [5] .
Calcium preparations are also widely used to improve the post-harvest and storage quality of fruit and vegetables [6, 7] . According to some authors [8] , organic calcium salts, such as calcium lactate, are an alternative source of calcium. They prevent fruit from browning when the surface is cut [9] and enhance the nutritional value of foods [8] . There are numerous reports on the influence of calcium lactate on the yield of fruit and vegetables [10] , but there is no information about the application of calcium lactate in mushroom production.
The aim of our study was to investigate the effect of calcium chloride and calcium lactate on the yield and dry matter content in Agaricus bisporus.
Materials and methods
Two champignon strains, ie Italspawn F59 and Amycel 2200 were used in the experiment. Both strains belong to the intermediate type (U2). Strains of this group form small, convex carpophores with smooth skin. They require substrate of high moisture, but are susceptible to early irrigation. Carpophores of the first flush are characterized by fast growth but worse quality [11] .
The cultivation experiment was conducted on a phase II substrate from a composting facility. The cultivation was located in an air-conditioned chamber, in cases sized 38 x 30 x 18 cm. The incubation was conducted at a temperature of 25°C for 12 days, where the relative humidity was 85-90%. The substrate overgrown with mycelium was covered with a layer of high peat neutralised with calcium carbonate to a pH of 7.5. The covering layer was 5 cm thick. Carpophores were collected for 7 weeks and the yield was calculated per 1 m 2 of the cultivated area. The mushrooms were sprayed with calcium chloride and calcium lactate three times when the size of carpophores in each flush reached about 2 cm. 400 cm 3 of the solution was applied per 1 m 2 of the substrate. Three concentrations of calcium chloride and calcium lactate were applied, ie 0.2; 0.4 and 0.6%.
The experiment was replicated four times, in two cultivation cycles.
Results and discussion
The influence of calcium chloride and calcium lactate on the yield of two strains of Agaricus bisporus
As the concentration of calcium chloride increased, the yield of both champignon strains decreased (Tables 1 and 2 ). When CaCl 2 was applied to the Italspawn F59 strain, there was a significant decrease in the yield when the concentration was as low as 0.4%, whereas the yield of the Amycel 2200 strain dropped when the concentration of calcium chloride was 0.6%. When the highest concentration of calcium chloride was applied, ie 0.6%, the yield of the Amycel 2200 strain dropped by 18.3%, whereas the yield of the Italspawn F59 strain dropped by as much as 26.6% in comparison with the control. Desrumaux et al [12] also confirmed that the yield tended to decrease as the concentration of calcium chloride increased. According to Ulinski et al [13] , there was a significant decrease in the yield only when calcium chloride was applied at a concentration of 0.45%. According to Barden et al [14] , a higher concentration (0.5%) of CaCl 2 decreased the yield and increased the quality and shelf-life. At a concentration of 0.5% the yield decreased by 16%, but the solid content of harvested mushrooms increased by 16% and the shelf-life increased by about 64%, mainly due to a decreased rate of postharvest bacterial growth and a concomitant reduction of surface browning.
Contrary to our results, Philippoussis et al [15] stated that the range of calcium chloride concentrations from 0.15 to 1% did not significantly affect the total yield and the yield produced during the third flush. According to those authors, calcium chloride concentrated at 0.55% favoured mushroom productivity in the first flush. In the second flush the lowest yield was obtained when 1% calcium chloride was used. According to Diamantopoulou et al [16] , the application of calcium chloride concentrated at 0.10 and 0.15% resulted in an increase in the total yield, as compared with the control. On the other hand, when the concentrations of 0.20 and 0.25% were applied, the yield decreased.
Our research revealed significant differences in the mushroom yield volume between the flushes. The yield of the Amycel 2200 strain was 11 kg/m 2 in the first flush, whereas the yield of the Italspawn F59 strain amounted to about 10 kg/m 2 . In the third flush the yield of the Italspawn F59 strain was nearly three times lower, whereas the yield of the Amycel 2200 strain dropped nearly four times. Decreased yields in consecutive flushes were also confirmed by Beyer and Muthersbaugh [17] , Koc et al [18] , Ulinski et al [13] .
When both champignon strains were irrigated with a calcium lactate solution while growing, there was a significant decrease in the yield observed when the concentration amounted to 0.6%. There was a similar decrease in the yield of both strains, ie 14% in Amycel 2200 and 15.8% in Italspawn F59. The difference between the volume of the yield in the first and in the third flush exceeded four times for the Amycel 2200 strain, whereas for the Italspawn F59 strain it exceeded 2.5 times (Tables 3 and 4) . The influence of calcium chloride and calcium lactate on the content of dry matter in two strains of Agaricus bisporus
According to Van Loon et al [19] , the dry matter content is an important indicator of mushroom quality. According to those authors, the content of dry matter in the champignon carpophores increased as the concentration of the applied calcium chloride increased. Those findings are in agreement with our observations, where the application of calcium chloride and calcium lactate concentrated at 0.4 and 0.6% resulted in an increase in the content of dry matter in the carpophores of both strains under study (Tables 5-8) .
Ulinski et al [13] also observed that when the concentration of calcium chloride increased, the content of dry matter in the champignon carpophores was higher in the second and third flush. However, the authors did not observe significant influence of calcium chloride on the content of dry matter in the first flush.
Our experiment revealed that both strains differed in the content of dry matter between the first and third flush when calcium lactate was applied. When calcium chloride was applied, the Amycel 2200 strain revealed a difference in the content of dry matter between the first and third flush. When calcium chloride was applied to the Italspawn F59 strain, there was a significant difference in the content of dry matter between all the flushes. calcium lactate were applied at concentration of 0.6%. Additionally, significant decrease of yield was obtained after application of calcium chloride at concentration of 0.4% in the Italspawn F59 strain. 3. The application of calcium chloride at concentration of 0.6% resulted in a greater reduction in the yield of both strains than irrigation with calcium lactate at the same concentration. 4. The volume of the yield decreased in consecutive flushes both in the Amycel 2200 and Italspawn F59 strains. 5. The content of dry matter increased in both strains when calcium chloride and calcium lactate concentrated at 0.4 and 0.6% were applied to the champignons.
